In a search for endophytes from medicinal plants of Bangladesh, we isolated the M65 fungal strain from the fruit of Azadirachta indica. Following chemical screening, chromatographic purification of the culture extract of strain M65 led to the isolation of the previously reported lasiodiplodin (2), the known derivative 1, and the new derivative 3a, along with two further known compounds (4 and 5). The new (3R,5R)-5-hydroxylasiodiplodin (3a), the enantiomer of the known (3S,5S)-5-hydroxylasiodiplodin (3b), inhibited the motility of zoospores of a devastating late blight phytopathogen Phytophthora capsici by 100% at a concentration of 10 µg/mL. The respective activities of the other metabolites were negligible.
The diverse group of plant pathogenic Peronosporomycetes (oomycetes) from the genus Phytophthora are devastating phytopathogens that attack a variety of crops, including potatoes, tomatoes, capsicum, watermelons, cucumbers, squash and grapes. Interestingly, the infamous blight that struck potato crops in Ireland between1845 and 1852 was caused by P. infestans. The resulting famine led to the death by starvation of over a million people, as well as resulting in a further million fleeing the country. It is very difficult to control these notorious pathogens as they are less sensitive to chemical pesticides than true fungi. The cost due to crop losses, and the expense of controlling the pathogens, is enormous. It is estimated that Phytophthora pathogens are responsible for multibillion dollar losses annually in global crop production [1] . Thus, there is a pressing need for safer, environmentally-friendly compounds from natural sources to control Phytophthora pathogens in order to ensure reliable food supplies.
Endophytic fungi isolated from the stems and fruit of Azadirachta indica showed a wide range of activities against plant and human pathogens [2] . In our search for active compounds against the plant pathogen P. capsici, the endophytic fungal strain M65 was isolated from the fruit of A. indica using M 2 medium. Upscaling in potato broth medium, followed by chromatographic purification of the extract obtained from the culture broth, led to the isolation of one new (3a) and four known (1, 2, 4 and 5) compounds ( Figure 1 ). The structure determination and activity profiles of these compounds are discussed herein.
Compound 1 was obtained as an optically active, colorless powder. The spectroscopic data of 1, including the sign of the optical rotation value [+18.5 (c 0.14, MeOH)], were identical to those of (R)-6-oxolasiodiplodin [3] . Comparison of calculated and experimental ECD data confirmed the (3R)-configuration published for 1 ( Figure 2 ). Compound 2 was identified as lasiodiplodin based on spectroscopic data analyses [4] [5] [6] . Experimental ECD data, the calculated ECD spectrum ( Figure 3 ), and reference data are in perfect agreement with (R)-2.
Compound 3a was isolated as an optically active oil. The NMR data, particularly the chemical shifts of the oxymethine protons and carbons of the stereocenters CH-3 and CH-5 in 3a (δ H 5.30, 4.03; δ C 69.5, 66.8), were the same as those in (3S,5S)-5-hydroxylasiodiplodin (δ H 5.34, 4.07; δ C 69.5, 66.7) (3b) [7] , but differed from those in the diastereomeric (3S,5R)-5-hydroxylasiodiplodin (δ H 5.42, 3.86; δ C 70.5, 70.6) (3c) [7] . However, (3S,5S)-5-hydroxylasiodiplodin (3b) showed a positive optical rotation value [+5.2 (c 0.62, CHCl 3 )], whereas 3a showed a negative optical rotation [1.2 (c 0.28, CHCl 3 )] in the same solvent. Therefore, the chemical structure of 3a was determined to be that of the new (3R,5R)-5hydroxylasiodiplodin. All possible stereoisomers of cyclo-(Ala,Trp) have been described (5) . According to the published NMR and OR data [10] , cyclo-(Ala,Trp) (5) isolated here had the rare (2R,5R) configuration (see experimental section).
The zoospore motility inhibitory activities of 1, 2, 3a, 4 and 5 were tested against P. capsici. The concentration and time-dependent activities are presented in Table 1 . The motility halting activity can be clearly seen to increase with increasing concentration of the test compound, as well as increasing with time after its addition. In the case of compounds 2 and 3a, the highest activity was achieved within 30 and 60 min of treatment at concentrations of 500 and 10 g/mL, respectively. Compound 3a also showed 100 % lytic activity at a concentration of 100 g/mL within 45 min of treatment (data are not shown).
The hydroxy groups at C-13 and C-15 in lasiodiplodin (2) play an important role in their antibiotic properties. Methylation of the hydroxy group in the benzene ring, as well as the introduction of a keto group in the lactone ring of lasiodiplodin, sharply decreased the antimicrobial activities [11] . The same effect was observed in the zoospore inhibitory activity of 1 and 2, where the latter is more active. Hydroxylasiodiplodin (3a), however, showed a much higher activity, presumably due to the presence of the hydroxy group at C-5 and probably reflecting a better membrane permeability. Motility of zoospores is critical for the success of infection of plants by Peronosporomycete phytopathogens. Disruption of motility and chemotaxis of zoospores eliminates the possibility of infection by this class of phytopathogens [12, 13] . It has been found that flagellar motility of zoospores is likely to be regulated by the protein kinase C in zoospores [12] . Another point of interest is that compounds 1, 2 and 4 were also isolated from plant samples [14, 15] , probably indicating the presence of endophytic fungi in these plants.
In conclusion, hydroxylasiodiplodin (3a) showed potent motility inhibitory activity against P. capsici zoospores. As motility is critical for the infection of plants by zoosporic phytopathogens, the hydroxy lactone isolated from the endophytic fungus Chaetomium globosum strain M65 might be useful for designing a biorational control strategy against the devastating plant diseases caused by P. capsici and related phytopathogens.
Experimental
General experimental procedure: Optical rotations were measured on a Perkin-Elmer polarimeter, model 241, at the sodium D line ( = 589 nm). The NMR spectra were measured on a Mercury-300 (300.141 MHz), a Varian Inova 500 (125.707 MHz for 13 C NMR spectra) and a Varian Inova 600 (599.740 MHz) spectrometer. ECD spectra were recorded on a Jasco J-810 spectropolarimeter. ESI-HR mass spectra were measured with a micrOTOF 10237. Open column chromatography was done on silica 60 (0.063 to 0.20 µm), and preparative thin layer chromatography was performed on MN-Silica Gel P/UV 254 (both Macherey-Nagel, Düren, Germany). All solvents were distilled prior to use.
Fungal material and identification:
The healthy fruit of Neem (Azadirachta indica) were collected from Rajshahi city, Bangladesh. The fruit were kept in a plastic zipper pack at 4 C for two months. They were then washed twice with water to remove dust and debris, and the surface of the fruit was sterilized according to a previously described procedure [16] . After surface sterilization, the excess NaOCl was removed by washing three times with sterilized water, and the fruit were air-dried on sterile filter paper. They were then cut through the middle into two pieces using sterilized scissors, and placed on an M 2 agar plate (10 g glucose, 4 g yeast extract, 4 g malt extract, 18 g agar, 1 L tap water). The plate was incubated at 25 C, and the outgrowing endophytic fungal strain M65 was isolated and maintained on M 2 agar medium. The strain M65 was identified as Chaetomium globosum based on its internal transcribed spacer (ITS) region and morphological features. The ITS sequence of M65 showed homologies of 99.6 % to Chaetomium globosum MUCL18694 (GenBank Accession No. JN209930), and 99.4 % to Chaetomium globosum CBS373.66 (GenBank Accession No. KC109756), respectively. The strain is kept in the Microbial Culture Collection at the Institute for Organic and Bimolecular Chemistry, Georg-August-University Göttingen, Germany, under the curatorship of Prof. Laatsch.
Fermentation and isolation:
The fungal strain M65 was subcultured on M 2 agar medium, and incubated at 25 C for 3 days. Lactone with motility inhibitory activity from Chaetomium globosum Natural Product Communications Vol. 11 (12) 
Five kg of potatoes were cut into pieces, boiled in 6 L of tap water for 30 min, and filtered through cloth. In total, 20 L of potato broth (obtained in a similar way) was sterilized without further additives in P-flasks (a total of 20 flasks, each containing 1 L of medium) for 15 min at 121 °C. The P-flasks were inoculated at 30 °C with seed cultures of strain M65 and left for 25 days. The culture broth and mycelia were separated by filtration over Celite (diatomaceous earth), and separately extracted with EtOAc. The broth and mycelium extracts were combined and brought to dryness in vacuo at 40 C to obtain a brownish gum. This extract was treated with cyclohexane to remove fats, and then dried. The resultant material (370 mg) was fractionated by silica gel column chromatography using a stepwise gradient: 100% CH 2 Cl 2 (F110), 5% MeOH in 
Cyclo-(D-Ala,D-Trp) (5)
[α] 20 D 6.2 (c 0.12, MeOH). 1 Lit. [17] cyclo-(L-Ala,L-Trp). Computational methods: Conformer distributions were searched via a systematic approach, first with MMFF using Spartan'14 [19] . The geometries of all resulting conformers within an energy range of < 25 kJ/mol above the global minimum were optimized, first with HF/3-21G and then within < 15 kJ/mol with DFT using the wB97X-D functional and the 6-31G* basis set. The resulting geometries with preliminary Boltzmann factors > 0.001 were used to calculate the ECD spectra with rb3lyp/6-311G(2d,p), the ORD data with rwb97XD/6-311g(d,p), and the final Boltzmann factors (without further geometry optimization) with wB97XD/6-311+G(2df,2p), using Gaussian g09 [20] . The contributions of all remaining conformers were summed with respect to their final Boltzmann factors.
All calculations using Gaussian ® were performed on computers of the Gesellschaft für wissenschaftliche Datenverarbeitung Göttingen (GWDG).
Bioassay:
Prof. W. Yuanchao of Nanjing Agricultural University, China, kindly provided P. capsici, which was isolated from Chili and routinely maintained on 10% V8 agar medium at 25 °C in the dark [21, 22] . Samples of mycelia, sporangia and zoospores were prepared according to the following steps. Hyphal tip plugs were inoculated in 30 mL sterile, clarified 10% V8 agar in 90-mm Petri dishes and incubated at 25 °C in the dark for 4 days. To induce the sporangium formation, the agar culture from each 1 to 2-week-old Petri dish was cut into six pieces, covered with sterile distilled water and kept in Petri dishes at 25 °C in darkness. Then, the water was replaced by new sterile distilled water every 12 h. After changing the distilled water 3 times, plenty of sporangia were produced. To stimulate the release of zoospores, the culture with sporangia was kept at 4 °C for 30 min, and then incubated at room temperature for another 30 min. The sporangia and zoospores were checked under an Olympus light microscope. These zoospores remained motile for 10-12 h in sterilized water and were used for the bioassay. Stock solutions of the test compounds were first prepared in dimethyl sulfoxide (DMSO), and then diluted with distilled water. The concentration of DMSO in the zoospore suspension never exceeded 1% (v/v), a condition that does not affect zoospore motility.The bioassay was carried out as described previously [12, 23] . Briefly, 360 μL zoospore suspension (ca. 1×10 5 per mL) was taken in a plant tissue culture multi dish plate and 40 μL of sample solution added directly to it and then quickly mixed with a glass rod; 1% aqueous DMSO was used as a control. The motility of zoospores was observed under a light microscope at 10-fold magnification. Quantification of time-dependent changes of motility and lysis of zoospores was carried out as described previously [23] . The bioassay was repeated twice, and each treatment was replicated thrice. The mean value (%) was calculated as ± SE (standard error) of the affected spores in each treatment.
Supplementary data: 1 H and 13 C NMR spectra for compounds 1, 2, 3a, 4 and 5 are available.
